FielcKof the Invention: 




CONCENTRIC TUBULAR CENTRIFUGE 



This invention relates to centrifuges. 



BACKGROUND 



5 Centrifuge technology has long been used for separating lighter 

material from heavier material from initial material consisting of a 
combination of the two. Centrifuge technology has been implemented 
in medical, industrial, and public service sectors in various specific 
applications where separation technology is beneficial. 

10 The effectiveness of presently known centrifuge technology 

depends on the level of the separating force (centrifugal force) 
generated by the centrifuge and the residence time of the material 
under the separating force. Virtually all centrifuges rely on some type 
of rotary motion to generate the separating force, and thus the level of 

15 the separating force generated depends on the size (moment arm) of 
the centrifuge and the speed at which the centrifuge is rotated. To 
generate a given level of separating force, a small-scale centrifuge 
must be driven at a higher revolutions per minute than a large-scale 
centrifuge. 

20 The residence time of the material under the separating force is 

dependent upon the flow-path of the material through the centrifuge. 
The flow-path is defined by the internal structure of the centrifuge, ant 
is sometimes limited by the type of centrifuge. Typically, the higher th 
residence time of a material under a given separation force, the better 

25 the separation of the light material from the heavy material. 
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Existing centrifuge technology is limited in its ability to allow 
changes to the separation force and/or the residence time. 

In addition, existing relatively large-scale centrifuge technology 
capable of handling relatively large inflow rates such as 100 G.P.M., is 
5 not conducive to portable use in a self-contained unit. The structures 
are difficult to transport, require frequent skilled maintenance, and 
often do not allow simple modification of the separation force or 
residence time to adjust to varying raw material conditions, or final 
material requirements. 

10 It is with the foregoing issues that the centrifuge of the present 

invention was developed. 

SUMMARY 

The present invention in general terms concerns a centrifuge 
having opposing laterally extending arms with concentric tubular 

15 baffles therein defining a serpentine flow path. The centrifuge is 

rotatably mounted in a frame to allow easy transportation, and has an 
external drive interface for simple, reliable, and adjustable actuation of 
the centrifuge. The centrifuge is designed to allow for simple 
disassembly, maintenance, and repair as needed, and to allow for 

20 modifying the flow path to adjust (increase or decrease)-the residence 
time of the material as desired. 

One embodiment of the inventive centrifuge for decanting lighter 
material from heavier material from a mixture of initial material includes 
a housing having a central body and a hollow arm extending from the 
25 body, the arm having a first end attached to the central body, and a 
second end extending away from the central body, and an end cap 
attached to the second end of the arm to form a chamber in the arm. A 
baffle is attached to the body and extends into the chamber, the baffle 
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having a longer inner tube having an interior and a distal end, and a 
shorter outer tube. The longer tube is positioned inside the shorter 
tube and defines an inner space therebetween. An outer space is 
defined between the shorter tube and the hollow arm. An entrance 

5 path for the mixture of initial material is formed in the housing and 
communicates with the inner space. An exit path for the light material 
is formed in the housing and communicates with the outer space. An 
exit path for the heavier material is formed in the housing and includes 
the interior of the longer tube. During operation the heavy material 

10 migrates outwardly and the lighter material migrates inwardly. A plug 
of the heavy material is formed in the chamber adjacent the end cap to 
engage the distal end of the longer tube and define a flow path to 
guide the lighter material to the light material exit path. 

The baffle can have a plurality of longer and shorter 
15 concentrically-spaced tubes to define a serpentine flow path 

therebetween. The baffle can also be replaced to modify the flow-path 
through the centrifuge as desired. The exit path for the heavier 
material can include flighted conveyor screws to assist in moving the 
heavier material along the exit path to the heavy material outlet port. 
20 The conveyor screws can be actuated by the rotation of the centrifuge, 
and thus do not independently require an external drive means. 

In another embodiment, a rotating centrifuge for decanting lighter 
material from heavier material from a mixture of initial material includes 
a housing having a central body, a baffle engaging the body, the baffle 
25 having a longer inner tube having an interior and a distal end, and a 
shorter outer tube, the longer tube positioned inside the shorter tube 
and defining an inner space therebetween. A hollow arm extends from 
the central body, the arm having a first end engaging the baffle, and a 
second end extending away from the central body. An end cap 



engages the second end of the arm to form a chamber in the arm, the 
end cap attached to the central body by a through-bolt extending from 
the end cap to the central body, and clamping the baffle and the hollow 
arm between the end cap and the central body. An outer space is 
defined between the shorter tube and the hollow arm, and an entrance 
path for the mixture of initial material is formed in the housing and 
communicates with the inner space. An exit path for the light material 
is formed in the housing and communicates with the outer space, and 
an exit path for the heavier material is formed in the housing and 
includes the interior of the longer tube. 

Accordingly, it is an object of the present invention to provide a 
centrifuge that allows the flow path and separation force to be easily 
modified. 

Other aspects, features and details of the present invention can 
be more completely understood by reference to the following detailed 
description of a preferred embodiment, in conjunction with the 
drawings, and from the appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is an elevation view of the centrifuge of the present 
invention. 

Fig. 2 is a section taken along line 2-2 of Fig. 1. 

Fig. 3 is a section taken along line 3-3 of Fig. 2. 

Fig. 4 is an enlarged partial section of the left arm of the 
centrifuge as shown in Fig. 3. 

Fig. 5 is an enlarged section of the intersection of the conveyor 
rod and gear box of the centrifuge as shown in Fig. 4. 
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Fig. 6 is an enlarged section of the central portion of the 
centrifuge as shown in Fig. 2. 

Fig. 7 is an exploded view of the centrifuge. 

Fig. 8 is a section similar to Fig. 4, showing the various flow 
5 paths through the centrifuge arm. 

Fig. 9 is a section taken along line 9-9 of Fig. 4. 

Fig. 10 is a representative section of the manifold. 

Fig. 1 1 is a representative section of the main center shaft. 

Fig. 12 is an exploded view and partial section of one conveyor 

10 screw. 

Fig. 13 is a representative section of a baffle and associated 

seals. 

Fig. 14 is a partial section of a second embodiment of the 
present invention. 

-1 5 Fig. 1 5 is an enlarged section of the central portion of the 

second embodiment. 

Fig. 16 is an enlarged section of the bell cap and end of the 
conveyor arm of the second embodiment. 

Fig. 17 is an exploded view of one arm of the second 
20 embodiment. 

Fig. 18 is an enlarged partial section of an arm of the second 
embodiment representing the various flow patterns through the arm. 



\V DETAILED DESCRIPTION 

^Aconcentric tubular centrifuge 20, as shown and depicted in 
Figs. is designed to continuously separate large volumes of 

sludge, sudh as waste water and oil well drilling fluids. The 
centrifuge 2d\is constructed of at least two laterally opposed, axially 
aligned arms 2£ which extend perpendicularly outwardly from a vertical 
center main shaft 24? The > main shaft and arms form a housing, which 
is supported by a\ame 06. The centrifuge is driven by an external 
motor to rotate abo\ a longitudinal or vertical axis 27 of the center 
main shaft which develops the centrifugal forces necessary for 
operation. The centrifuge preferably operates in the range of 600- 
2000 rpm, depending on\its overall size. 

Each arm 22 is identically constructed, and comprises a plurality 
of concentrically spaced tubes 28 (Figs. 2, 3, 4. 8 and 13) with the 
tubes having alternating longer and shorter lengths. The alternating 
longer and shorter lengths make the distal ends 30 of each of the tubes 
alternatingly off-set. The center tube 32 is the smallest in diameter, 
and contains a conveyor screw 34 for removing the solids that build up 
at the distal end 36 of the arm during use. The conveyor screw moves 
the solids or heavier materials through the center tube 32 towards the 
center main shaft 24, where the solids are then moved down the center 
main shaft by another conveyor screw 38, for removal therefrom or 
deposit into a receptacle (not shown). 

Still generally, the sludge enters the arms 22 from above through 
the center main shaft 24 while the centrifuge is rotating. The sludge 
immediately moves toward the distal ends 36 of each of the arms. The 
solids or heavier materials are removed from the liquid medium as the 
centrifuge is operated, as will be explained below. 
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As the sludge is forced to the distal ends 30 by the rotation of 
the arm about the center main shaft 24, the solid or heavier material 40 
in the sludge compacts to form a plug 42 at the distal end (see Fig. 8), 
and the liquids 44 are forced to flow back toward the center main shaft. 

5 The defined flow path of the material is between the concentric tube 
walls, in a direction alternating first toward the distal end 30, then back 
toward the center main shaft 24, repeating this serpentine flow path 
pattern as required by the particular structure. As the sludge winds its 
way through the serpentine path, the solids 40 are removed from the 

10 sludge, and the liquid 44 is decanted and drained through an exit 
pathway 46 for liquids. 

More particularly, at the distal end 36 of each arm, the ends of 
the longer tubes extend beyond the ends of the shorter tubes. As 
solids 40 are deposited at the distal end of the arm, the plug 42 is 
15 formed and increases in thickness until the plug 42 seals the ends of 
the longer tubes. The plug thickness does not increase enough to seal 
off the ends of the shorter tubes, and thus thereby partially defines the 
boundary of the serpentine flow path. 

The thickness of the plug is regulated in part by the action of the 
20 conveyor screw 34, which removes the solid deposits. The conveyor 
screw shaft 48 preferably does not have flighting (threading) along its 
entire length, it only has flighting adjacent to either end. The flighting 
at the distal end 50 of the screw shaft is to help transfer the plug into 
the center tube. The centrifugal forces on the solids in the distal end 
25 of the arm combined with the hydrostatic head of the overlying liquids 
and solids assist in forcing the solids through the center tube 32 
towards the center main shaft 24. The distance the solids move 
through the center tube depends on the operating parameters of the 
centrifuge (moment arm, rpms), and on the type of sludge being input 
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to the system. The solids require the assistance of the flighting on the 
screw arm 34 to move further along an exit path 52 for solids to leave 
the structure. 

The thickness of the plug is determined by the equilibrium 
established by the growth of the plug and the removal of the material 
forming the plug through the solids exit path 52. Basically, the amount 
of flighting 54 adjacent the end of the screw arm 34 near the center 
shaft helps determine the plug level. Assuming an input sludge having 
a relatively constant proportion of heavy and light materials, more 
flighting 54 along the screw arm length extending from the center shaft 
reduces the plug level. Less flighting 54 along the screw arm length 
extending from the center shaft increases the plug level. This 
relationship is due to the effect the flighting has on the removal of the 
heavier material. 

15 The plug level must be kept at least at a minimum thickness to 

insure that it contacts the ends 30 of the longer tubes on the baffle 56 
to help define the flow path (as described further below). This level 
should be relatively conservatively designed to accommodate for a 
temporary reduction in heavier material in the input sludge (which 

20 would cause the plug to grow more slowly). If the heavier and lighter 
material composition of the input sludge is to be changed for more than 
a temporary period, such as if a different type of sludge is to be 
treated, the length of flighting on the screw arm 34 may require 
modification also to accommodate the change in input sludge. 

25 The invention is described herein using solids and liquids for 

simplicity of example. However, the invention can be used with heavy 
and light liquids, such as oil and water. The input material can be 
filtered prior to being introduced to the centrifuge if desired. 
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The input of the sludge material can be by gravity feed or by 
pumping. The centrifuge of the present invention is relatively 
insensitive to in-f.ow rate, solid content of the sludge, and weight of the 
sludge. 

greater detail, the concentric tubular centrifuge 20 of the 
present iLntion is shown in Fig. 1 A frame 60 supports the 
centrifuge V the present invention for rotational movement of the 
centrifuge at»out a vertical axis 27. The centrifuge composes a 
housing 62 Lrnaled in the frame with a drive means 64, such as a 
beveled ringLar drive, attached to the top of the housing for 
engagement Lh a drive motor of any known type. The bottom end of 
tne housing isLso journa.ed in the frame for rotational movement, with 
tne bottom end\of the housing being surrounded by a decanted flu.d 
catch basin 66 Lining a fluid outlet, as further described below. A 
drive motor (not W"> is positioned in engagement with the drive 
means 64. in thisVase the beveled ring gear drive, to engage the dnve 
means to rotate th\ housing 62 about the vertical axis. In the 
configuration show\in Fig. 1. the housing rotates about the vertical 
axis 61 with the arm\ 2 2 moving into and out from the ptane of the 
20 figure. 

Referring now to Fig. 2. the centrifuge housing 62 comprises the 
center main shaft 24 (Figs. 2, 7 and 11) having an axiallv oriented 
cylindrical cavity 60 formed therethrough along with a large centrally 

J . , , hi . r 7n A | SO included in the housing are 

positioned cylindrical chamber 70. Also inc.uo 

Lrally extending arm housings 72 (Figs. 2, 3, 4, 7 and 8), which have 
a cylindrical shape with a first open end 74 attached by an annular 
fiange 76 to the center main shaft 24, and a distal or second open 
end 78 The second open end defines an outwardly extending annular 
„ange 80. Each arm housing 72 defines a cylindrica! cavity 82. A 
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fru s,oconica,ly-shaped end cone 84 is removably attached to the 
g e 80 a. the dista, end of each o, the arm housings to form an 
TeL, chamber in conjunction with the arm housing. An 
threaded aperture 86 is formed a. the apex 88, or frustrum, of the end 
cone 84, and receives a corresponding* internally threaded cap 
end 90 for releasable attachment thereto. 

SU.I referring to Fig. 2, and in addition to Fig. 1 1 . |he center main 
sh a,t 24 is preferabiy a unitary meta, body having a centrallaterally 
ex Ling cylindrical body portion 94 with opposing top and bottom 

e g y , . n , „ The axially criented cylindrical bore 68 ,s 

cylindrical extensions 96. The axiany 

for med through the top and bottom cylindrical port.ons o, he center 
Tormeu y ren trallv located chamber 70. 

lain shaft and communicates with the centrally 

\ ca in thi<? case a beveled ring gear drive, 

' / v /Thfe drive means 64, in this case a ^ 

Uim ^ \ k(aft thp centra v positioned 

a-- - -* * - in grea,er deta " below - 

As shown in Fig. 11. . channel 106 is formed through the bottom 
cyli ndrica, portion of the center main shaft 24, which commu n.cates 
L the centrally positioned chamber 70, and forms a rad ^,y 
I tending aperture 108 adjacent the bottom end of the bottom 

portion. A second identical channel 110 , forme ,r , « 
pottom cylindrical extension opposite the firs, channel. These 
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channels form par, of the decanted liquid exit p.* 46. as wil, be 
described below. 

h > RVferring to Figs. 2 and 8, a catch basin 66, which acts as a 
%ZA fluid reservoir and drain channe,. attaches to the frame 60 
fnd fori an annuiar fluid coliector about the bottom cyhndncal 
extension^ The catch basin seaiingly engages the bottom 
e nd caLtension adjacent to and beiow the apertures forming the 
ch nnei Lw outie. port 1 1 4 is formed in the floor of the catch bas n 
1 7Z dlage o, the decanted fluid. The catch basin has a c.rcular 
,0 tub shape dlining a rim 116. from which extends an annular 

f an e 118 Vhe catch basin is attached to the frame by any nown 
Tans such\s boi.s 120 attached through the fiange to the frame. A 
Tat basin iiLo ,s attached in fixed engagement with the — 

C-rica, An of the ^J^^ZTZ - 
which sealinglyWgages the s,de walls 122 of 
centrifuge rotals within the frame about its vertical ax,s, the 
asm remains slonary while the bottom 
center main .hrfLw... and while the catch basm hd 120 also 
rates in sealing \ngagemen, with the walls 122 of the catch basm. 
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A main conveyor screw bracket 124 is fixed to the bottom of he 
catch basin and extends to a centra, position aligned with the ax,a, 
Z formed through the center main shaft 24. and rece.ves an end of 
the main conveyor screw 38. which is described below, 
r-v / ReLing to Figs. 2 and 10. the fluid transfer manifold 102 is 
W„ X luid transfer manifold has a cylindrical main body wh.ch ,. 

\ ^ «>. ™ - — ^ io2 f r::: a ,,r 

axial bore 1 3 \ formed through a top portion of the , mar „^an 
terminates thlein. Opposing and laterally ex.endmg s,de bores 
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are formed in Communication with the first axial central bore 130, the 
side bores extending through opposing side walls to act in fluid 
communicationl/ith the arm housing, as is described in further detail 
below. The first axial bore 130 and associated side bores 132 form a 
portion of the incoming flow path. 

A second Lially aligned central bore 134 extends from the 
bottom surface olthe manifold 102 through the central portion of the 
manifold and terminates prior to joining with the first central bore 130 
described above. VThe top end of the second axial bore 134 
communicates witri opposing laterally extending bores 136 for 
receiving a motion \ransfer means 138. The motion transfer means can 
be a gear and bearing box used to drive the conveyor screw arms 34 
off of the main convenor screw arm 38, as is described in greater detail 
below. A pair of angSed bores 140 are formed each through a side wall 
of the manifold and extend at an angle downwardly to communicate 
with the second axial dore 134. The angled bores 140 form a portion 
of the solids or heavieAmaterial exit flow path 52, as described below. 
A pair of drain channels\l42 have an L-shape, with each channel 
extending from the side Vail to the bottom wall of the manifold 102, and 
form a portion of the decanted fluid exit path 106 for use in draining the 
decanted liquid from the aVm housings 72, as is described in greater 
detail below. Other entrance, drain and exit channel configurations 
can be utilized depending Ion the structure of the device. 

Referring to Figs. 2, A, 4, 8 and 13, a baffle 56, one of which 
extends laterally from each lide of the manifold 102, is partially 
inserted into the centrally positioned chamber 70 in the center main 
shaft 24. Each baffle included a base 146 having a first side 
surface 148 and a second sidk surface 150, and a plurality of 
concentric cylindrical tubes 28 Wtached to the second side surface 150 
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and extending perpendicularly therefrom. The cylindrical tubes have 
varying lengths an\j are positioned to alternate between long and short 
tubes in their concintric configuration. Preferably, the shortest tubes 
are all of equal lenith, with tubes of ever-increasing length being 
5 alternately positioned between the shortest tubes with the length of the 
tubes increasing froln the largest diameter tube to the smallest 
diameter tube. With\specific reference to the embodiment shown in 
Fig. 13, six tubes aroused to form the preferred embodiment. It is 
contemplated that a different number of tubes can be utilized 
10 depending on the desiled structural and performance characteristics. 
Three of the tubes, the\shorter tubes, are all of equal length, while the 
other tubes increase in length as their diameter decreases. The 
concentric tubes are spaced apart a predetermined distance to allow 
sufficient fluid flow through the flow path defined by the tubes, 
15 described in greater detail below. Preferably, the spacing is 

approximately 0.5 inches, \nd the lengths between the tubes can be 
any of a variety of offset dimensions as desired. 

A first channel 1 52 is formed through the base member 1 46 from 
the second side 150 to the f.Ast side 148, and communicates with the 

20 gap 1 54 formed between the innermost tube 1 56 and the adjacent 
second innermost tube 158. Ais channel 152 forms a part of the 
incoming flow path 160. A forked channel 162 is formed through the 
base 146 and communicates wik the longitudinal channel 164 defined 
by the innermost tube 156, with Le fork 166 oriented at an angle 

25 downwardly, and the other fork 1*8 extending in an axial orientation 
through the base member. A thir A channel 170 is formed through the 
base member to open in the space\between the outermost tube 172 
and the arm housing 72. 
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The concenW tubes 28 are attached to the base member 146. 
Referring to Fig. Ah. shortest tubes 1 76 alternating between the 
ionger tubes 178 ar\ sealed about the entire circumference of the end 
attached to the basl member 146 in a fluid-tight manner. The 
alternately positioned longer tubes 178 are attached to the base 
member in discrete positions along the circumference of the end 182 
adjacent to the baseWember, such as at every 90 degree increment as 
shown in Fig. 9. The gap 184 formed between the majority of the 
circumference of the Ind of the tube attached to the base member 
allows fluid to flow fro\n the inside of the tube to the outside of the 
tube, as is necessary for the serpentine flow path, which is explained 
in greater detail below. 

The base member\l46 has a circular shape defining a 
circumference which is eccentrically spaced from the outermost 
tube 172 of the baffle 56. W base member is positioned ,n the 
centra, chamber 70 of the\enter main shaft 24 such that the first 
side 148 of the base memb\r is adjacent to and engages the 
corresponding side of the flld transfer manifold 102, as shown ,n 
Fig 2 The baffle member is\held in this position by a clamp.ng force 
provided by the attachment o\the arm housing 72 to the center mam 
shaft 24. 

As shewn in Figs. 2 and V the channel 1 52 formed through the 
base member communicating with the space between the 
innermost 156 and second innermost tube 158 is aligned with the 
radially extending channel 132 foVmed in the manifold, which in turn 
communicates with the firs, axia, bore 132 formed in the manifold, and 
continues in communication with ttW axial bore 68 in the upper 
cylindrical extension 96 of the center main shaft 24. This series of 
channels form the incoming flow oa,\ 160. The interfaces between the 
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base member 146, maWold 102 and the center main shaft 24 are 
sealed, such as by O-rL seals, to isolate the incoming flow channel 
and avoid leakage a.oni the interfaces. 

The angled bore L in the base member 146 is aligned and 
fluidly communicates witL the angled bore 140 of the manifo.d 102, and 
continues in fluid communication with the second centra, bore 134 
formed in the manifold, wWh is in turn aligned with the axia. bore 186 
through the lower cylindrical extension 96 of the center main shaft 24. 
The channel 168 located it, an axial position with respect to the 
innermost tube is aligned Xith the channel 136 which houses the 
transfer means in the maniio.d, which in turn is in alignment with the 
second centered bore 134 if the manifold and the axial bore 186 
through the lower cy.indrica\ extension 96. This series of channels 
forms the heavier material ekit path 52. 

The channel 170 form! through the bottom of the base 
member 146 outside the outeLost tube 172 is aligned with the L- 
shaped channel 142 formed in\the manifo.d, which is in turn a.igned 
with the channe. 106 formed in\the .ower cy.indrica. extension 96 of the 
center main shaft 24. This seriis of channels forms the decanted 
Hquid drain channe. 46 emptying into the basin 66. The channels and 
bores aligned between and communicating through the base member, 
manifold and main shaft, are separated by seals, such as O-rings, at 
the interface between the members to isolate the flow and avo.d 
leakage along the interface. 

The manifold 102, baffles 5 6 \and arm housings 72 are mounted 
on the main shaft 24. The arm houking is shown in Figs. 2, 3, 4 and 8. 
When assembled, the flange 76 at t\e firs, end meets with the annular 
shoulder formed around the central dhamber 70 of the oenter ma,n 
shaft 24 in addition to a oircumferencNal portion 190 of the base 
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number of the ba,f,e\ Elongated bolts 192 having opposing threaded 
ends are positioned .\ough continuous bores formed in the flange 76 
a, the first end 74 of A arm housing 72, through the oenter ma,n 
shaft 24, and through tL opposing and identical flange 76 of the 
second arm housing. nUs 194 are threaded and engaged to the 
opposite ends of the elcLated bolt 192 to firmly and releasabiy clamp 
me arm housing to the clnter main shaft 24, which clamps the 
manifold 102 between <h\ opposing base members 146 posihoned on 
I ner side of the manifolL the centra, chamber 70 o, the center ma.n 
shaft. The engagement oA.he flange 76 a. the first end 146 o, the arm 
Housing 72 and the circumLenciai band 190 of the base member 146 
of the baffle member 56 is rWme.ically sealed by an O-nng 96. A 
plurality of bolts are positioL through the flange 76 a. the f,rs, end of 
L arm housing 72 and throigh the center main shaft 24 to a,fo< e 
arm housing to the center maX shaft and Camp the base members 
of the baffles and manifold in ihe proper position. The baffles 56 
man,folds 102 and arm housing 72 are able to be removed from the 
main shaft 24 simply by removl the bolts 192 in the flanges 76 of the 
arm housings 72. \ 

The longer of the concentrates 178 in (he baffle member 56 
extend pas. the second end 78 of the arm housing. The end cone 84, 
which has a laterally extending flange 198 formed about the 

circumference of the larger diameter end o, the end cone, seahngly 
engages and is attached to the flange 80 formed a. the second end 78 
of L arm housing 72 by a plurality o, fasteners 200, such as nu a d 
bo ,ts positioned in an equally spaced arrangement around the flange. 
The end cone 84 acts to cover the ends of the longer tubes 178 and 
defines the end of chamber 82 in the centrifuge arm. The smaller 
diameter end 202 of the end cone defines external threads for 
) receiving an internally threaded end cap 90. 
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The input, decanting, and output flow paths 160, 46, 52 
respective* are hereafter defined to facilitate the description o, the 
conveyor screws 34, 38. The material to he decanted, for instance 
sludge, is introduced into the centrifuge through the inlet eh.nn.IJ60 
(incoming flow path) formed by the combination of the axial bore 68 
through the top cylindrical portion 96 of the center main shaft 24, ,n 
communication with the top axia, bore 130 in the manifold 102, ,n 
continued fluid communication with the laterally extending bores 132 
through the side walls of the manifold and through the base 
members 146 of each baffle. The inlet channel 160 directs the 
incoming siudge to the gap 1 54 formed between the innermost 
tube 1 56 and the second innermost tube 1 58. The in.roduCon of the 
5 ,udge occurs while the centrifuge is rotating about its vertical ax,s 27, 
which p,aces the sludge under the effects of centrifugal force, wh.ch 
,hen forces the sludge through the input channel 160 and into the 
gap 154 between the first and second tubes. 

, n steady state operation (/.... where the centrifuge of the 
present invent.on is running at operating speed after any start-up 
penod and the ma.er.al to be decanted has been introduced ,nto the 
, centrifuge,, a plug 42 of heavy material 40 is formed at the distal 
end 36 of the cavity 82 in each arm, and extends between and seals 
the ends of the longer concentric tubes 178 to form a structure 
m ember used in defining the flow path 204 of the fluid through the 
centrifuge. As shown in Fig. 8, as the sludge flows through the 
5 gap 1 54 between the first and second tubes, and passes the end o the 
Sorter second tube 158. the fluid impacts the plug 42 and ,s forced 
into the gap 206 between the second and third tubes to flow back 
owards he center main shaft 24. As the fluid flows to the base of he 
th ird tube 208, it flows through the gap 184 between th, 
!0 ,he base member 1 46 of the baffle 56 and around into the gap between 
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the third and fourth tubes, at which time the liquid then flows out 
towards the distal end of the baffle. 

The fluid then flows past the shorter fourth tube and is diverted 
by the plug back between the fourth and fifth.tubes to flow towards the 
base member onoe again due to the seal formed between the longer 
third and fifth tubes. Onoe again, as the sludge flows back to the 
center main shaft, the fluid flows through the gap between the base 
member and the fifth tube, and enters the space between the fifth tube 
and the sixth tube. The fluid is then forced to the distal end of the 
baffle and is directed back towards the center main shaft as a result of 
, he seal formed by the plug between the longer fifth tube and the arm 
housing. The fluid flows in the space 210 formed between the shorter 
sixth tube 172 and the arm housing 72 back towards the center mam 
shaft The heavier material 40 migrates to the distal end 78 of the 
housing, a. all stages of the flow path, and deposits there to form the 
plug 42. 

Sinc\ each of the concentric tubes 28 of the baffle member 56 
(re cylindrical in shape, the volume between the tubes is also 
cylindrical if, shape (see Figs. 8 and 9). The fluid and sludge can flow 
anywhere inline particular gap between adjacent tubes. The decanted 
fluid 44 flow! into the fluid outlet channel 46 from anywhere ,n the 
volume between the sixth tube and the arm housing. The outlet 
channel 46 islrmed by the channel 170 through the base member 146 
o, each baffleVough the L-shaped channel 142 in the man.fold. and 
continuing throLh the fluid drain channel 106 formed in the lower 
cylindrical extelion 96 of the center main shaft 24. The decanted 
fluid flows throui the outlet channel 46 and into the catch bas.n 66. 
The decanted fluitl then flows through the outlet 212 formed ,n the 
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base of the catlh basin 66 into another reservoir or the conduit for 
further processing (not shown). 

The solids portion 40 of the sludge is removed through the 
output flow path 52 with the assistance of the conveyor screw system. 
As the sludge flows through the passage ways in the baffle, the sohds 
(heavier materia.) are continuous.y forced to the dista. end of the arm 
to become part of the plug 42 formed of the soiid material. The plug 
forms along the wall of the end cone 84, and after it builds up to a 
particular thickness seals the ends 30 of the longer concentnc 
tubes 173 to act as a structural member and barrier, and in part defme 
the flow path of the materia, through the centrifuge. The compacted 
solids or heavy materials, forming the plug are forced by the 
combination of centrifugal force and the hydrostatic head of the 
overlying liquids and solids to the apex 88 of the end cone 84 and ,nto 
the center tube 156, and part of the way back towards the center ma.n 
shaft 24 just as an incompressible liquid will seek the same e.evat.on 
on both sides of a U-shaped tube when each side is exposed to equal 
pressure. The solids then flow to the center main shaft 24 through the 
center tube 156 to the outlet channel 52 for the solids. 

The outlet channel 52 for the solids is formed by the angle 
bore 166 in the base member 146 of the baffle 56, in communicator! 
w.th the angle bore 140 formed through the manifold 102, wh.ch 
communicates with the second axial bore 134 formed in the lower end 
of the manifold, which in turn communicates with the axial bore 186 
formed through the lower cylindrical extension 96 of the center ma.n 
shaft 24 The exit channel 52 for the solids exits the center mam shaft 
in a downwardly direction to facilitate easy handling of the sohds. 

To assist in moving the solids along the outlet channel, a 
conveyor screw system is utilized. Referring to Figs. 2 and 4. the 
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conveyor system includes an arm conveyor screw 34 in each centrrfuge 
arm, and a main conveyor screw 38 in the main shaft 24. The arm 
conveyor screw is positioned through the innermost tube 1 56 w„h 
Highting positioned at the dis.a, end 50 and a. the end 54 prox.mate the 
base member of the batfie. There is preferably nc flighting along the 
majority of the length of each arm conveyor screw 34. The , gh ,ng 
need no. be tightly toieranced to the dimension of the inner tube 156. 
The arm conveyor screw 34 is actuated by the movement of the 
centrifuge rotating about the vertica, axis 27, as described further 
below to move the sludge towards the center, main shaft 24. The 
solids' are forced through the angle portion of the exit path 52 by the 
positive pressure on the solids from the flighting of the arm conveyor 
screw 34 and the vacuum pressure created by the movement of the 
solids along the main shaft conveyor screw 38. The plug 42 is 
maintained by an equilibrium process as described above. 

The length of the conveyor screw 34 where there is no flighting 
may define radially extending pegs to breaK-up the solid materia, as , 

... The pegs can extend in any pattern along 

flows along the exit path 52. i ne pey» 
the length of the screw 34 where there is no flighting. 

The vertically oriented main conveyor screw 38 is positioned in 
the axia, bore 142, 186 formed through the center main shaft 24 .n 
conjunction with the manifold 102. The main conveyor 
actuated by the movement of the rotation of the centrifuge abou its 

main shaft 24 draws the sludge material downwardly to the ex,t 
port 216. 

The main conveyor arm 38 is activated with respect to the 
centrifuge by the rotation of the centrifuge. A conveyor screw 
bracket 124 extends from the base of the catch basin 66 and .. 
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attached to the end of the main conveyor screw 38. The main 
conveyor screw 38 has flighting 214 along its entire length. The mam 
conveyor screw 38 is fixed in position to the frame 26 and does not 
rotate with respect to the frame. The main conveyor screw 38 is made 
to move relative to the centrifuge 20 due to the rotation of the 
X centrifuge about its vertical axis 27. The conveyor screw bracket 1 24 
a^Zl - holds the end of the main conveyor screw 38 such that when the 
V~ centrifuge 20 rotates about its vertical axis, the flighting 214 on the 
5 V main conveyor screw causes the solids 40 in the exit channel 52 to be 
2 1 0 forced downwardly towards the exit portal 21 6. Alternatively, an 
% t additional drive system can be connected to the main conveyor 

W screw 38 to drive the main conveyor screw and arm screws 34 

^independently of the movement of the centrifuge 20. 

The\arm conveyor screws 34 are driven from the main conveyor 
\/ew 38 bV the transfer means 138, such as the gear box, as shown .n 
J\qs 2, 3, 4. 5, and 6. The gear box includes a master beveled 
gear 220 anid two slave beveled gears 222, one slave gear 222 being 
associated v\th each arm conveyor screw 34. Preferably, the top of 
the main con\eyor screw 38 defines the master beveled gear. The 
20 rotation of theVnaster beveled gear 21 8 about the vertical ax.s 27 
translates intoVotation about the horizontal axis of each. of the slave 
beveled gears \ 2 2. The slave beveled gears 222 are each attached to 
a shank 224 supported by a journal bearing 226 in the gear box to 
extend laterally outwardly. The outer end of each of the shanks 
25 defines a recess \ 2 8 for releasably receiving the inner ends of the arm 
conveyor screws U in a torque transferring manner, such as by 
interlocking sp.ineVeeth. The master gear 220 is attached to a 
shank 230 supporteVj by journal bearings 232 in the gear box, and 
which extends vertically downwardly. The outer end of the master 
30 shank 230 forms a re\ess 234 for releasably receiving the top end of 
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the main convelor screw 39 in a torque-transferring reia.ionship, such 
as by interlocking spline teeth. 

The rotation of the centrifuge about its vertical axis results in the 
re ,a,ive rotation o, the master beveied gear 220 about its vertical axis, 
which in turn resuits in the rotation of the slave beveled gears 222 
about their horizontal axis, which through .he shank 224 and 
attachment with the arm conveyor screws 34 results in the .ota on 
the arm conveyor screws about their horizontal (and long.tud.na , ». 
The faster the centrifuge 20 is driven about its vertical «... he faster 
the conveyor screws 34 are caused to rotate and move the sludge 
through the exit channel. 

The outer ends of each of the conveyor arm screws 34 are 
supported by a bear.ng 236. The bearing 236 comprises a thrust 
ptate 238 positioned in the outer end of the end cone 84 
cap 90. the thrust plate 238 having a semi-spherica, indention 239. 
The outer end of the arm conveyor screw 34 forms a sem,-spher,cal 
cup 240, and a ceramic bal, 242 is positioned to be received ,n the 
semi-spherica, indentation 239 in the thrust plate as well as the sem, 
spher.cal indentation 241 in the cup 240 formed a, the outer end o, the 
, arm conveyor screw 34. As the conveyor arm 34 rotates, the 

whiie minimizing wear. A conveyor screw 34 is shown ,n exploded v,ew 
<n Fig. 12. 

K>n\ frame 26 supports the centrifuge 20 o, the P--''"— 
25 » to a4w 1 rotation of the centrifuge about its vertical axis. The frame 
a s faciles handiing the centrifuge to move it from place to plac. 
as wen aslovidlng a basic safety function in keeping items away from 
the rotating\h° usin 9- 
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The centrifuge as described above can be easily disassembled 
and .maintained due to its straightforward assembiy. This allows for 
ease of cleaning, routine maintenance and repa.r. 
hVxne; centrifuge 20 structure of the present invention is also easily 
W asZblei and disassembled for replacing worn parts as well as 
modifying \he length of the baffles 56 as desired. The arm conveyor 
screws mL be removed by simply removing the end cap 90 from the 
end cones V —ving the thrus, plate 238 and -.racing the 
conveyor slew 234 from the center tube 32. The ,nner end of the arm 
conveyor scL 234 will disengage from the cavity 228 formed ,n the 
shank 224 ofVhe gear bo, since the cavity (recess, in the 
designed to .Lsmit torsional forces only, and is no. des.gned to 

movemen. Th\ main conveyor screw 38 can similarly be removed by 
movement. * extracting the main 

disconnecting tr\e conveyor sc.ew bracket 
conveyor screw L from the gear box in a similar manner. The 
b a„,es 56 can be\removed or replaced by disconnecting the arm 

\ .heft 94 which allows the baffles 56 

housing 72 from tne center ma.n shaft 24, wh.ch a. 

V a fr^m thP centrally positioned cavity 70 of the 
to simply be extracted from the cenirany y 

center ma,n shaft 2 \. The baffle 56 can then be changed to .nclud 
moTe or fewer tubes\s depending on the desired residence t.me o, the 
Idge under .he centrifugal forces, and .he level of decant.no des.red. 
The length of the cenlifuga, arms 22 can be adiusted to generate 
higher or lower separaW forces for a given revolution rate. 
A la„vely, ,e revolon rate can be increased. A new or d.eren, 
ba ,f,e 56 can be repositioned therein with the arm hous.ng 72 be.ng 
remounted to the centerUn shaft 24 for further use. 

The arm housing 7 2 V should be made of a strong materia,, such 
as stee, or other meta,, to withstand the tension forces and m.ernal 
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pressures generated during operation, in addition, the beanng 236 a, 
L end of each conveyor arm 34 can taKe a compressive load along 
the .eng.. of me conveyor arm 34 and stii, normally support the end of 
toe conveyor arm. and allow the conveyor arm to rotate. 

5 Wy slcond embodiment of the present invention is <»<*^ 

VerXrVd - referenced in Fig, 14-18. In the second embodiment, 
hltLthannel 250. outflow channe, 252 and decanted liguid ex,t 
channel arl all substantially the same structure as in the previous 
emboli in addi„on. the catch basin 256, frame 258. and primary 

10 conveyor i 2 60 are also substantially the same as the prev,ous,y 

described errltoodiment. 

Referring now to Fig. 14. the center main shaft 262 is journaled 
in the frame 258 for relatively free rotary movement and relative* f, ed 
e La, and lateral positioning. A drive means 264, such as a beve e 
, 5 ring gear drive, is attached to the top 266 o, the center ma,n shaft 262 
for engagement with a complementary drive motor o, any Known 
sl Jelp, A drive motor (no, shown, is 

drive means 264. in this case the beveled ring gear dnve, to engage 

drive means to rotate the vertical main shaft 262 about the ver ,cal 
L The bottom end 268 of the center main shaft 262 is surrounded 
by a decanted fluid catch basin 256 defining a fluid outlet 270, as 
further described below. 

Stil, referring to Fig. 14, the center main shaft 262 is preferably a 
unitary meta, body having a centra, .aterally extending cyl.ndnca, body 

25 portion 272 w„h opposing top 266 ? -ugh 
extensions. The axially oriented cylindrical bore 272 form 
h top 266 and bottom 268 cylindrical portions of the 
shaft 262 and communicates with the centrally located chamber 274. 
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The drive means 264, in this case a beveled ring gear drive, 
mounts around the upper end of the top 266 cylindrical portion of the 
center main shaft 262. An upper portion 276 of the frame rotationally 
engages the top 266 cylindrical portion of the center main shaft 262 by 
way of a tearing means 278, such as tapered roller bearings, to 
facilitate the support and rotation of the housing within the frame 258. 
The bottom cylindrical portion 268 of the center main shaft 262 is 
rotationally journaled in the frame by bearing means 280 similar to the 
bearing means which rotationally journal the top cylindrical portion. 
) The centrally positioned chamber 274 of the center main shaft 262 
receives the transfer manifold 282, which is described in greater detail 
below. The liquid exit channel 254 is formed in part through the bottom 
cylindrical portion 268 of the center main shaft 262, which 
communicates with the centrally positioned chamber 274, and forms a 
5 radially extending aperture 284 adjacent the bottom end of the bottom 
cylindrical portion 268. A second identical channel 254 is formed in 
part in the bottom cylindrical extension 268 opposite the first channel. 
These two channels form part of the decanted liquid exit path 254 
defined further below. 
20 A catch basin 256, which acts as a decanted fluid reservoir and 

part of the drain channel 254, attaches to the frame 258 and forms an 
annular fluid collector about the bottom cylindrical extension 268, and 
sealingly engages the bottom cylindrical extension adjacent to but 
below the aperture 284. A fluid outlet port 270 is formed in the floor of 
25 the catch basin 256 to allow drainage of the decanted fluid. The catch 
basin 256 has a circular tub shape defining a rim 286, from which 
extends an annular flange 288. The catch basin 256 is attached to the 
frame 258 by any known means, such as bolts attached through the 
flange to the frame. A catch basin lid 290 is attached in fixed 
30 engagement with the bottom cylindrical portion 268 of the center main 
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^ walls of the catch basin 256. 

j> \ u u«t 9Q2 is fixed to the bottom of the catch 

/ A co\.veyor screw bracket 292 is t.xea 
/ Id extends to a central position aligned with the axial 
bsfsin 256 aVid extenas to receiving 

b0 re 292 forWd through the center mam shaft 262 
10 an end of the\main or primary screw. 

,nd 1 5 the fluid transfer manifold is shown, 
herring to F,g. 4 and 15 * • ^ ^ ^ 

The fluid transfer manifold 282 has a y majn 
si2ed to fit the cylindrical, ^£^L * ™ ^ *"* ^ 
shaft 262. The f,uid transfer ^ ^ terminateS 

n5 formed through a top portion 296 of the m ^ 

=.h 550 A second axially aligned central bore 302 
path 250. A sec niMd 2a2 tnroug h the central port.on of the 

bottom surface of the man.fold 282 thro g ^ 

m a ni ,o,d and term.nates ^J^J^ with the posing 
top and o, the . motion transfer means. 

25 .aterally .xt.nd.no bores 304 for ^ ^ 

such as a gear and bearing box 306, u ed . ^ 

arm 303 off the main conveyor ^ '^ ^ ^ each 

gre ater detail below. A pair of ang ec bores 

through a sidewall of the manrfold 282 and 
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downward to communis with the -ond axia, bore 302^ The 

r>f thP exit f OW path 252. A pair ui 
analed bores 310 form a portion of the exit no w 

an 9' ea u . oKorio flr(a also formed in the 

, e o 19 pach hav ng an L-shape are aisu iui 

drain channels 312, eacn rwvn y o id ewall to the 

. «i ^19 pxtendinq from the siaewan iu in 

manifold 282, with each channel 312 extend, g 

bottom of the manifold 282 for use in doming the decanted 

sthe arm housings. 

base 314 oL baffle 300 is partially inserted into the centrally 
base 314 of«h majn shaft 262 _ and extends 

nosit oned chamber z/^ me 

L.erally frorLch side of the manifold 2S2 A "^J^ 
formed through the base member 314 from he , econd d ^ 
side and corlonicates with the gap space 324 between 
pouter 32 8 Lndrica, tubes attached to ^ ^ 

—I 322 Jms par, of — ^ — with 

i o^n ;c Wmed through the case ouu an 
channel 330 is tormea y 

\ , i tjo Hofined bv the inner tuoe wn. 
the longitudinal Channel 332 definea oyu 

o k 334 oriented a, an angle downwardly, and the other r 336 
extending in anL, or.entation through "J^^Z*^ «- 

::^X about the circumference o, the end attached 

k m .mblr314 The baffle 300 is preferably made of a 
to the base member 314 ■ T and re|atively st rong. 

lightweight materia^ that is corrosive 

such as plastic. 

The base meLer 300 has a circular shape defining a 
cir cum,erence whicls concentrically spaced from the outermost 
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of the base member 314 a , ^ ^ ^ ^ jn 

ma nifo,d 282. s is shown ,n Ft^M «* ^ 340 

this position bj a Camping *~ ^ ^ further be ,ow. As 
US ed .0 conne . the entire " ^ , he base 

shown in Pi, 1, - ^Z^^ ^ ™ ^ 
u«r alianed with the raaidny ^ 

" d W which in turn communicates with the first ax,a. 
in ,he man,fold b82. wh,ch ,n ^ communication 

bore 234 formed, the — extension 2SS of the 

with the a.a, Ve 272 - ^ ^ ^ ^ ^ 250 . 
center main shaft 272, ana 

T he angibore 334 in the base ^ £ and 

fluidly communicates with the ^ ^ bore 302 

continues in fiuid communicate w,h the seeon 

■Lm 9R9 which is n turn aligned wun me 
formed in the manifold 282, wh.cn ^ 

* A lower cylindrical extension 25a ot me 
b ore 292 through ^°«" ,„ an axial posjtio n with the 

sh af, 262. The chanW i 33 ^ channe , 302 

^^±^-:^«, This ser.es o, 
whi ch houses the transfer m 338 f ^ 

cnanneis forms the ou,\et ,,w - - ^ ^ 

trough the base memtler 314 out , ^ 

— "* r:Xretc .IZid drain channe, 2S4 
whi ch is in turn ai.gne d * 6 Qf (he center main 

Tath 254.' The channeisL ^^^^ 2S2 are 

mKor 0-14 an d t\e manifold 282. 
30 the base member anu hi 
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As shown in Figs. 17 and 18. .he arm housing 344 ,nc,ude a 
main body 346 having a hollow cylindrica, ou.ar wall, and the bell 
Z 3«. A «rst end of .he hollow cylindrica, outer wal, engages a 
correspondingly formed groove 350 in .he base 314 for sealing 
engagement therein, such as with an O-ring 352. 

The bell cap 348 has a substantially hemispherical outer 
surf ace 354 forming a fiange 356 about the large circumference c, ,he 
be,, cap The second end c. the outer wall 346 is rece.ved ,n a 

. 358 formed on the inner periphery of the extending annu,ar 
^ 356 I be,, cap 348 and is seaiingly engaged — such 
by an O-ring 360. The combination of the outer wal, 34 an the 

C a ity 62. The be,, cap 348 is substantia,* hemisphere, ,n shape, 
and could define concentric grooves formed on its * 
a e weigh,. The interior surfaces 364 of .he be,, cap 348 form 
ru s ocola, cone shape with Unearly sloped sides and a rune d 
end for receiving and guiding the residual compacted sohds to the 

d 366 o the screw arm 308. which is further described here.n below, 
end 366 of the screw a embodiment, 
The interior surfaces of the be,, cap. here and ,n the 
a e aped to exceed .he angle of repose for the solid matenal. as 

Tasily move toward the center tube. This angie may nee o be 
adjusted depending on ,he «ype o, solids .ha. form .he plug. 

Th e op P osi.e arm of the centrifuge is similarly formed as 

0/IQ o A q» nuterwa s 346, 34b , 
described above. The bell caps 348, 348 , outer w 

baffies 300, 300-. and manifoid 382. are held ,n ^ 
of through-bolts 340 which extend from .he flange of one be cap 

rough the center main shaft 282 and through the flange o e 
opP o ing be,, cap 348. The through-bol.s 340 have externally 
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nHe o fiR for receiving fasteners, such as nuts 370, 
thre aded oppos,ng en s 368 for rece c > ^ 

f or maintaining the be,, ^ on the cent er main 

300' and fluid transfer man.fold 282 in posm 

shaft 262 The nuts 370 are threaded onto the oppos.te ends 368 of 
shaft Zbz. towards the center 

the through-bolts 340 to draw the bell caps J4 

main shaft 262. 

AS shown in Figs. 15 and17. there are approximately eight 
thro ugh-bol,s 340 eveniy spaced around the circumference o, the 
through through-bolts 340 do not 

annular flange on the bell cap 348. defiped jn tne 

, nterfere with - ^J^^^JL a groove 37 2 for 
^IhT: rap " 37 4 Vacant to the outer sides of the center ^ 
L, A , «, -on the throu -^^^ 
*haft 262 The fixed positioning of the tnrougn 
ino 374 Keep the through-bolts from moving latera.ly with respect o 

e center ml shaft 262. and allows the nuts 370 to be remove a 
"her end of the through-bolts 340 without affecting the a„gnmen, o, 
^e structure on the opposing side. 
^ /As sholn in F ig. 18. the input 250 and output 252 flow paths are 
Substantially Identical to those described above with respect to he f,rs, 
sutfstant.ally \ introdu ced through the inlet flow path to 

embodiment. \The sluage is muu 

enter the cavil 362 o, the centrifuge arm between the nner be 
and -he outerLe 328 o, the baffle 300. The introduct.on of he 
doe occurs Ihile the centrifuge is rotating about its vertical «... 
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or he avy materials is formed a, me dista, end of .he cavity 362 in each 
arm. I 

. u «or> ^94 between the inner 326 
As the sludge flows through the gap 324 betwe 

B nH of the shorter outer tube, the 
and outer 328 tubes, and passes the end of the sh 

won ran and is forced into the gap 378 
ler main shaft 262. As *e fluid flows towards me center ma.n 

wall 346. 

Since the second tube 328 is cylindrica. in shape, the decanted 
fluW wii, now into the fluid outlet channei 338 from anywhere ,n the 
a n 378 between the outer tube 328 and the outer wail 346. 

15 rr^n: - — «— * - described above wi,h 

respect to the first embodiment. 

As the sludge flows through the passageways in the baffle 300. 

20 r or: :z « - the 

mbination of centrifugal force and the into 

— r c:::- - - :::: rdL - 

^ center tube 326 to the outlet channel 252 for the sol.ds. 

The outlet channel 252 for the solids is formed by the angled 
bore 334 formed through the base member ,14 of the baffle 300. ,n 
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communication with .he angled bore 31 0 formed through the mamfo d 
28 2 which commune, with the second axia, .ore 302 formed ,n -he 

axia, bore 292 formed through the lower cylindrical extens, n 268 

terminates at the bottom of the center main shaft 262. 

To assist in moving the solids along the exit path, a conveyor 
screw system is utilized. An arm conveyor screw 308 is posit.one 
thr ough the innermost tube 326 with fi.gh.ing 380 pos.t.one a 
distal end 382 and a. the end proximate 384 the base member of the 

at 300. with no flighting along the maiority o, the length of the arm 
c nveyor screw 308. The flighting need no. be tightly toleranced to the 
conveyor conveyor screw 

dimension of the inner tube 326. There 
extending through the arms o, the centrifuge. The arm 

S is actuated by the movement of the centrifuge 
vertical axis, as described further below, to move the slud e .owe ds 
the center main shaft 262. The solids are forced throug , th 
portion o, the exit path 252 by the positive pressure on the sol.ds 
ne flighting 380 o, the arm conveyor screw 308, and the vacuum 
, .assure Jeated by the movement of the solids along 

conveyor screw 260. The vertically oriented ma,n conveyor so ew 260 
s positioned in the axia, bore formed through the center mam sha Un 

fo.H 9R9 The main conveyor screw 260 is 
rnniunction with the manifold 262. I ne mam 

ablated by the movement of the rotation of the 

, • a nH draws the sludge material downwardly to the exu 
15 its vertical axis, and draws ine smuy 

port. 

A conveyor screw bracKet extends from the base of the catch 
b as,n 256 and is attached to the end of the main conveyor screw 260. 
The main conveyor screw has flighting along its entire .eng.h. 
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main conveyor screw is thus fixed in position to the frame and does no. 
rotate itself. The conveyor screw is made to move re.ative to the 
centrifuge due to the rotation of the centrifuge. The conveyor screw 
bracket holds the end of the main conveyor screw such that when the 
centrifuge rotates about its vertical axis, the flighting on the ma,n 
conveyor screw causes the solid material to move along the ex,, 
channel to be forced downwardly towards the exit portal. 

The arm conveyor screw 308 is driven from the main conveyor 
screw 260 by the transfer means, such as the gear box 306. « . shown 
in Figs. 14 and 15. Preferably, the top of the ma,n conveyor screw 260 
defines a beveled gear. The gear box 306 comprises a master eveled 
gear 388 (oh the primary conveyor screw 260) and a slave beveled 
gear 390 mounted on the conveyor rod 392 extending continuously 
Lough both arms. The rotation about the vertical axis of the master 
beveled gear 388 translates into rotation about the horizontal ax,s of 
he slave beveied gear 390. The slave beveied gear 390 is attached to 
,ne conveyor rod 392. The rod 392 is supported by journal beanngs 
394, which also ac, as thrust bearings, held in place by snap rings ,n 
lhe manifold 282. The master gear 388 is attached to a shank 396 
, supported by journai bearings in the gear box 306. The journal 

. „„ ,h» shank 396 are held in place by the annular 
bearings supporting the shank jso 

collar at the end of the shank, and the snap rings. 

The conveyor rod 392 extends continuously from the distal end 

lU . the ha ~ e 314 of the baffle 300, through 
of one centrifuge arm through the base 314 or in 

■« iw o«9 throuoh the base 314' of the opposing 
5 the fluid transfer man.fold 282, through tne 

baffle 300' and to the end of the opposing centrifuge arm. The rod 
332 ts sLd and positioned to not engage the be,, cap 343 at either of 
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The conveyor rod 392 is rotated by me interaction between the 

306 The conveyor rod 392 is supported by the journal beards as 
described earlier to allow rotation about its longitudinal axis. The 
I ohting 396 ,or moving the sludge through the inner tube 326 along 
I! sludge exit flow path 252 is formed on an elongated f„g t,ng tube 
398 which mounts over the conveyor rod 392. The tube 398 , 
attached to the conveyor rod 392 in a fixed re,a,ionsh,p such that the 
tube rotates with the conveyor rod 392. 

One manner o, fixing the flighting tube 398 to the conveyor rod 
392 ,s by a splined interconnection. As shown in Fig. 15. the inner end 
400 o, the flighting tube 398 defines female splines, and the outer 
surface o, the conveyor rod 398 defines male sphnes such that when 
,he female splines and the male splines are interconnected as the 
tne remai v toraue transmitting 

flighting tube is slid over the conveyor rod 392. a torque 
I onship is formed. Thus, when the rod 392 turns, * 
398 turns, with the flighting mounted such that i, propels the ^ or 

mounted along the opposite length of the conveyor rod 392 ,n 
arm of the centrifuge. 

The flighting 396 does no, have to be closely sized to the inside 
of ,he firs, tube 326. However, a sleeve may be positioned on 

,he flight.ng is tightly toleranced to the inside o, the s!eeve such ha, 
the inner ,ube 326 is no, worn or degraded by ,he movement of ,he 
flighting tube 398 during operation. 

The flighting tube 398 comes in two lengths, ,he firs, lengm 402 
heing positioned along ,he majority o, ,he length o, the conveyor ro 
392 from adiacen, the gear box 306 outward.y towards each end of ,he 
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conveyor rod 392. As shown in Fig. 16, a small length 404 of flighting 
tub e 398 is separately positioned on the conveyor rod 392 in a splined 
relationship with the conveyor rod 392 to provide a torque transferring 
relationship between the outer end flighting tube 404 and the conveyor 
5 rod 392. Preferably, .he outer end of the conveyor rod 392 has female 
spline grooves 406 formed therein, and the outer end flighting tube 404 
has male splines 408 formed therein to form a spline engagement when 
the outer end flighting tube 404 is inserted over the outer end o the 
conveyor rod 392. The outer end flighting tube 404 assists ,n 
, 0 movement o, the heavy materials into the exit flow path 252 anc ,s 
subject to a great amount of wear due to the compacts of the heavy 
materials a, this .oca.ion. The outer end flighting tube 404 ,s ma e o 
be easily removed and replaced such that the entire flighting tube 398 
does no, need to be replaced when only the outer end flighting tube 
404 requires maintenance. 

The oLer end flighting tube 404 and the primary flighting tube 
are hellon the conveyor rod 392 by a fastener 4 10 , such as a nut 

and washer combination. The ° u,er end °' """^ ^ T' ""h 
each end. is Lernally threaded. A countersunk cavity 4t2 ,s formed 
20 in the dista, e\d of the outer flighting tube 404 to allow a washer and a 
nu, to be threld over the end of the conveyor rod 392.. The washer 
and the nu. enlge a shoulder formed by the countersunk 
the ou.er end flLng tube 404 to urge the outer end flighting tube 404 
10 wards the mairLha.t 262, which in turn engages the end of the 
25 primary flighting t\be 402 and urges the primary flighting tube 402 
Lards the centeLain shaft 262 to hold the two flighting tubes ,n 

p,ace The outer flighting **• ^ ^ laCed SimP ' y by u ™ cr "" n ° 
L nut, removing X washer, removing the outer end flighting tube 
404 and replacing th\ outer end flighting tube and refastemng it 
30 thereon. 
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„ should be noted ma. since the conveyor rod 392 in .he second 
emb odir„en. is continuous and ro.a.es in one direc.ion, the flighting ,n 
,he opposing centrifuge arms are opposite one ano.her .o draw .he 
solid or heavier materials along the respective exit flow paths. 

The equilibrium between the .rave, of solids down the center 
tub e 326 along .he exi. path and the size of the plug is 
embodimen. as described above wi.h respec. «o the firs, embod.ment. 

The second embodiment of the centrifuge o, the present 
invention inc.udes a simplified construction, and a shorter ™* 
and resulting residence „me under the centrifugal force. An en a m 
* the centrifuge can be accessed for maintenance or replaces en, by 
simply removing the nuts 370 on the cuter end of the through-bom ,368 

, tho h^ll cao 348 The outer flighting tube 404 
which initially release the bell cap ee£amhlv of 

can then be removed for replacement or to continue 
th e centrifuge arm. After removing the outer flighting tube 404 by 
re mova, of the nut and washer from the end of the conveyor rod 392, 
e primary flighting tube 402 can be removed by sliding the primary 
h ing tube outwardly a.ong the conveyor rod 392 to disengage the 
sp'ine connection between the primary flighting tube 402 and the 
conveyor rod 392 near the gear box 306. 

At .his poin. .he ou.er wall 346 can a,so be removed (after .he 
be „ cap 348 is removed,. The baffle 300 can then be 
,he primary flighting tube 402 has been removed. The ™>™^ 
be replaced wi.h a baffle having more «ubes to .ncrease .he length of 
the flow P a.h and .he residence ,me. wi.h the 
mad e to the attachmen. of .he addi.iona, tubes ^ 
oaffte 300. and to the .eng.h of the tubes. After the baffle 30 has 
een removed, .he conveyor rod 392 can be wi.hdrawn from . 
main shaft 262 by removing .he other be,, cap 348' (the through rods 
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368 can simply be pulled from the center main shaft 262 without 
removing the bell cap 348 from the through rods after the snap-nngs 
374 have been removed), removing the baffle 300, and disengaging the 
primary conveyor shaft 260 from the drive beveled gear. 

There are several benefits gained in the use of the centrifuge of 
the present invention. The concentric tubular design of the baffle 
provides an extremely long residence time during which the sludge .s 
under the separating forces. The longer the residence time, the more 
heavy waste materials are removed from the liquid. In addition, the 
solids are deliquefied by means of compaction. The centnfuge ,s 
easily disassembled for maintenance, part replacement, or 
performance modification. The centrifuge of the present invention can 
generate tremendous centrifugal force in a relatively small mach.ne. ,s 
portable, and can be easily adjusted to handle the desired type of ,nput 
15 material and flow rate. 

While the invention has been particularly shown and described 
with reference to preferred embodiments thereof, it will be understood 
by those skilled in the art that various other changes in the form and 
details may be made without departing from the spirit and scope of the 
20 invention- 

A presently preferred embodiment of the present invention and 
many of its improvements have been described with a degree of 
particularity. It should be understood that this description has been 
made by way of example, and that the invention is defined by the 
25 scope of the following claims. 



